A Gram-stain-negative, non-motile, aerobic and coccoid, ovoid or rod-shaped bacterial strain, designated BS-W9
The Roseobacter clade, belonging to the order Rhodobacterales of the class Alphaproteobacteria (Garrity et al., 2005 (Garrity et al., , 2006 , is known to be one of the most abundant groups in marine environments (Rappé et al., 2000; Buchan et al., 2005) . From our studies screening novel bacteria from a variety of tidal flats on the Yellow Sea and the South Sea of the Korean Peninsula, many novel bacterial taxa belonging to the Roseobacter clade have been described (Yoon et al., 2009a (Yoon et al., , b, 2010 (Yoon et al., , 2013a Jung et al., 2010; Park et al., 2014a, b) . In this study, we describe a bacterial strain, designated BS-W9 T , which was isolated from a tidal flat of Boseong on the South Sea of the Korean Peninsula. Comparative 16S rRNA gene sequence analysis showed that this novel strain is phylogenetically most closely related to the genus Halocynthiibacter of the family Rhodobacteraceae. The genus Halocynthiibacter was proposed by Kim et al. (2014a) with the description of a single species with a validly published name, Halocynthiibacter namhaensis, which was isolated from a sea squirt collected from the South Sea, South Korea. The aim of the present work was to determine the exact taxonomic position of strain BS-W9
T by using a polyphasic characterization, which included determination of chemotaxonomic and other phenotypic properties, and detailed phylogenetic investigations based on 16S rRNA gene sequences and DNA-DNA hybridization.
A tidal flat sediment was collected from Boseong on the South Sea, South Korea, and used as the source for the isolation of bacterial strains. Strain BS-W9
T was isolated by the standard dilution plating technique at 25 uC on marine agar 2216 (MA; BD) and cultivated routinely under the same culture conditions. H. namhaensis RA2-3 T , which was used as a reference strain for phenotypic characterization and DNA-DNA hybridization, was obtained from the study of Kim et al. (2014a) . Cell morphology and flagellation were examined by using light microscopy (BX51; Olympus) and transmission electron microscopy (JEM1010; JEOL), respectively. To assess the flagellation, cells from 5-day-old cultures on MA were negatively stained with 1 % (w/v) phosphotungstic acid and the grids were examined after being air-dried. The Gram reaction, pH range for growth and anaerobic growth were determined as described by Park et al. (2014b) . Growth at 4, 10, 20, 25, 28, 30, 35 and 37 u C was measured on MA to determine the optimal temperature and temperature range for growth. Growth at various concentrations of NaCl [0, 0.5 and 1.0-10.0 % (w/v), at increments of 1.0 % (w/v)] was investigated by supplementing with appropriate concentrations of NaCl in marine broth 2216 (MB; BD) prepared according to the formula of Becton, Dickinson and Company, except that NaCl was excluded. The requirement for Mg 2+ was investigated by using MB, prepared according to the formula of the Becton, Dickinson and Company, comprising all of the constituents except MgCl 2 and MgSO 4 . Catalase and oxidase activities were determined as described by Lányí (1987) . Hydrolysis of aesculin, casein, starch, hypoxanthine, Tween 80, L-tyrosine and xanthine was tested on MA using the substrate concentrations described by Barrow & Feltham (1993) . Nitrate reduction was investigated as described previously (Lányí, 1987) with the modification that artificial seawater was used for the preparation of media. Hydrolysis of gelatin and urea were investigated by using nutrient gelatin and urea agar based media (BD), respectively, with the modification that artificial seawater was used for the preparation of media. (Levring, 1946) . Utilization of various substrates for growth was tested according to Baumann & Baumann (1981) , by supplementation with 1 % (v/v) vitamin solution (Staley, 1968) and 2 % (v/v) Hutner's mineral salts (Cohen-Bazire et al., 1957) . Susceptibility to antibiotics was tested on MA plates using antibiotic discs (Advantec) containing the following (mg per disc, unless otherwise stated): ampicillin (10), carbenicillin (100), cephalothin (30), chloramphenicol (100), gentamicin (30), kanamycin (30), lincomycin (15), neomycin (30), novobiocin (5), oleandomycin (15), penicillin G (20 IU), polymyxin B (100 IU), streptomycin (50) and tetracycline (30). Enzyme activities were determined, after incubation for 8 h at 25 u C, by using the API ZYM system (bioMérieux); the strip was inoculated with cells suspended in artificial seawater from which CaCl 2 was excluded to avoid the formation of precipitates. For spectral analysis of in vivo pigment absorption, strain BS-W9
T was cultivated aerobically in the dark at 25 u C in MB. The culture was washed twice using centrifugation with a MOPS buffer (MOPS/NaOH, 0.01 M; KCl, 0.1 M; MgCl 2 , 0.001 M; pH 7.5) and disrupted by means of sonication (VC505; Sonics & Materials). After removal of cell debris by centrifugation, the absorption spectrum of the supernatant was examined on an Eon Microplate spectrophotometer (Biotek).
Cell biomass of strain BS-W9
T for DNA extraction and for the analyses of isoprenoid quinones and polar lipids was obtained from cultures grown for 3 days in MB at 25 uC. Chromosomal DNA was extracted and purified according to Yoon et al. (1996) , with the modification that RNase T1 was used in combination with RNase A to minimize contamination of RNA. The 16S rRNA gene was amplified by PCR as described previously (Yoon et al., 1998) using two universal primers, 9F (59-GAGTTTGATCCTGGCT-CAG-39) and 1512R (59-ACGGTTACCTTGTTACGACTT-39). Sequencing of the amplified 16S rRNA gene and phylogenetic analysis were performed as described by Yoon et al. (2003) . DNA-DNA hybridization was performed fluorometrically by the method of Ezaki et al. (1989) using photobiotin-labelled DNA probes in microdilution wells. Hybridization was performed with five replications for each sample. The highest and lowest values obtained in each sample were excluded and the means of the remaining three values are quoted as DNA-DNA relatedness values. The DNA of strain BS-W9
T and H. namhaensis RA2-3 T was used individually as labelled DNA probes for reciprocal hybridizations.
Isoprenoid quinones were extracted and analysed, as described by Komagata & Suzuki (1987) , using reversed-phase HPLC and a YMC ODS-A (25064.6 mm) column. The isoprenoid quinones were eluted with a mixture of methanol/2-propanol (2 : 1, v/v) using a flow rate of 1 ml min 21 at room temperature and detected by UV absorbance at 275 nm. For cellular fatty acid analysis, cell mass of strain BS-W9 T was harvested from MA plates after cultivation for 3, 5, and 7 days at 25 u C. Fatty acids were saponified, methylated and extracted using the standard MIDI protocol (Sherlock Microbial Identification System, version 6.2B). The fatty acids were analysed by GC (Hewlett Packard 6890) and identified using the TSBA6 database of the Microbial Identification System (Sasser, 1990) . Polar lipids were extracted according to the procedures described by Minnikin et al. (1984) , and separated by two-dimensional TLC using chloroform/methanol/water (65 : 25 : 3.8, by vol.) for the first dimension and chloroform/methanol/acetic acid/water (40 : 7.5 : 6 : 1.8, by vol.) for the second dimension, as described by Embley & Wait (1994) . Individual polar lipids were identified by spraying the plates with 10 % w/v ethanolic molybdophosphoric acid, molybdenum blue, ninhydrin and a-naphthol reagents (Minnikin et al., 1984; Komagata & Suzuki, 1987) and with Dragendorff's reagent (Sigma). The DNA G+C content was determined using the method of Tamaoka & Komagata (1984) with the modification that DNA was hydrolysed and the resultant nucleotides were analysed by reversed-phase HPLC equipped with a YMC ODS-A (25064.6 mm) column. The nucleotides were eluted with a mixture of 0.55 M NH 4 H 2 PO 4 (pH 4.0)/acetonitrile (40 : 1, v/v), using a flow rate of 1 ml min 21 at room temperature and detected by UV absorbance at 270 nm.
The morphological, cultural, physiological and biochemical characteristics of strain BS-W9
T are given in the genus and species descriptions, in Table 1 and in Fig. S1 (available in the online Supplementary Material). The almost-complete 16S rRNA gene sequence of strain BS-W9
T determined in this study comprised 1393 nt, representing approximately 95 % of the Eschericia coli 16S rRNA gene sequence. Strain
BS-W9
T exhibited the highest 16S rRNA gene sequence similarity (97.3 %) to the type strain of H. namhaensis. In the neighbour-joining phylogenetic tree based on 16S rRNA gene sequences, strain BS-W9 T joined the cluster comprising the type strain of H. namhaensis with a bootstrap resampling value of 99.6 % (Fig. 1) . The relationship between strain BS-W9
T and the type strain of H. namhaensis was also found in the trees reconstructed using the maximumlikelihood and maximum-parsimony algorithms (Fig. 1) The predominant isoprenoid quinone detected in strain BS-W9
T was ubiquinone-10 (Q-10), which is typical of the vast majority of the class Alphaproteobacteria ,including the genus Halocynthiibacter (Kim et al., 2014a) . In Table 2 , the cellular fatty acid profile of strain BS-W9
T is compared with that of the type strain of H. namhaensis grown and analysed under identical conditions (Kim et al., 2014a) . The predominant fatty acid detected in strain BS-W9
T was C 18 : 1 v7c. The fatty acid profile of strain BS-W9
T was distinguished from that of the type strain of H. namhaensis by differences in the presence and proportions of some fatty acids, particularly cyclo C 19 : 0 v8c and 11-methyl C 18 : 1 v7c ( Table 2 ). The fatty acid profile of strain BS-W9 T could also be distinguished from those of some phylogenetically related taxa, Pseudopelagicola gijangensis, Pelagicola litoralis and Ascidiaceihabitans donghaensis, particularly by the presence of cyclo C 19 : 0 v8c (Table 2 ; Kim et al., 2014a, b, c) . The major polar lipids detected in strain BS-W9
T were phosphatidylcholine, phosphatidylethanolamine, phosphatidylglycerol, one unidentified lipid and one unidentified aminolipid; minor amounts of another unidentified lipid and one unidentified aminophospholipid were also present (Fig. S2) . The polar lipid profile of strain BS-W9
T was distinguished from those of the type strains of H. namhaensis and Pseudopelagicola gijangensis in that phosphatidylethanolamine is present ( Fig. S2 ; Kim et al., 2014a, b) . The polar lipid profile of strain BS-W9
T was also distinguishable from those of the type strains of Pseudopelagicola gijangensis, Pelagicola litoralis and Ascidiaceihabitans donghaensis by the absence of diphosphatidylglycerol ( Fig. S2 ; Park et al., 2013; Kim et al., 2014b, c) . The DNA G+C content of strain BS-W9 T was 53.2 mol%, a value similar to that of the type strain of H. namhaensis (Kim et al., 2014a) .
Strain BS-W9
T was found to be phylogenetically most closely related to the type strain of H. namhaensis (Fig. 1) . However, from analyses of the fatty acid and polar lipid profiles, it is reasonable to differentiate strain BS-W9 T from the type strain of H. namhaensis (Table 2, Fig. S2 ; Kim et al., 2014a) . It is also unlikely to be appropriate to place strain BS-W9
T into other genera of the class Alphaproteobacteria with validly published names (Figs. 1  and S2 ). Strain BS-W9
T could be distinguished from the type strain of H. namhaensis by differences in several phenotypic characteristics, including growth at 4 u C, tolerance to NaCl, nitrate reduction, hydrolysis of hypoxanthine, utilization of some substrates, activity of some enzymes and susceptibility to some antibiotics (Table 1) . Accordingly, its phylogenetic and chemotaxonomic distinctiveness and other differential phenotypic properties suggest that strain BS-W9 T should be classified as a novel species of a novel genus within the class Alphaproteobacteria, for which the name Pseudohalocynthiibacter aestuariivivens gen. nov., sp. nov., is proposed. (C 14), valine arylamidase, cystine arylamidase, trypsin, a-chymotrypsin a-galactosidase, b-galactosidase, b-glucuronidase, a-glucosidase, b-glucosidase, N-acetyl-b-glucosaminidase, a-mannosidase and a-fucosidase and for susceptibility to lincomycin.
Characteristic 1 2
Growth at 4 u C " + NaCl range (%, w/v) for growth 1.0-7.0 0.5-4.0 Nitrate reduction + " Hydrolysis of hypoxanthine + " Utilization of:* Acetate w "
Esterase (C 4) + " Acid phosphatase + " Naphthol-AS-BI-phosphohydrolase " + Susceptibility to:
53.2 52.9 *Data for H. namhaensis RA2-3 T obtained in this study.
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Litoreibacter meonggei MA1-1 T (JN021667) Litoreibacter albidus KMM 3851 T (AB518881)
Planktotalea frisia SH6-1 T (FJ882052)
Pacificibacter maritimus KMM 9031 T (AB558927)
Sulfitobacter marinus SW-265 T (DQ683726)
Sulfitobacter pontiacus ChLG 10 T (Y13155)
Roseobacter litoralis ATCC 49566 T (X78312)
Roseobacter denitrificans Och 114 T (M59063)
Pelagicola litoralis CL-ES2 T (EF192392)
Pseudopelagicola gijangensis YSS-7 T (KF977839)
Ascidiaceihabitans donghaensis RSS1-M3 T (KJ729028)
Pseudohalocynthiibacter aestuariivivens BS-W9 T (KM882610)
Halocynthiibacter namhaensis RA2-3 T (KC416645) Roseovarius gaetbuli YM-20 T (KF208688)
Roseovarius marisflavi H50 T (KC900366)

Roseovarius lutimaris 112 T (JF714703)
Pelagicola litorisediminis D1-W8 T (KC708867)
Roseovarius aestuarii SMK-122 T (EU156066)
Roseovarius tolerans EL-172 T (Y11551)
Phaeobacter gallaeciensis BS107 T (Y13244)
Leisingera methylohalidivorans MB2 T (AY005463)
Seohaeicola saemankumensis SD-15 T (EU221274)
Thalassobius gelatinovorus IAM 12617 T (D88523)
Thalassobius mediterraneus CECT 5383 T (AJ878874)
Octadecabacter arcticus 238 T (U73725)
Octadecabacter antarcticus 307 T (U14583)
Pseudoruegeria lutimaris HD-43 T (FJ374173)
Pseudoruegeria aquimaris SW-255 T (DQ675021)
Celeribacter neptunius H 14 T (FJ535354)
Celeribacter baekdonensis L-6 T (HM997022)
Ruegeria atlantica IAM 14463 T (D88526)
Ruegeria arenilitoris G-M8 T (JQ807219)
Ruegeria halocynthiae MA1-6 T (HQ852038)
Nautella italica CCUG 55857 T (AM904562)
Tropicibacter multivorans CECT 7557 T (FR727679) In assays with the API ZYM system, activity of alkaline phosphatase (weak), esterase (C 4), esterase lipase (C 8), leucine arylamidase and acid phosphatase is present, but activity of lipase (C 14), valine arylamidase, cystine arylamidase, trypsin, a-chymotrypsin, naphthol-AS-BI-phosphohydrolase, a-galactosidase, b-galactosidase, b-glucuronidase, aglucosidase, b-glucosidase, N-acetyl-b-glucosaminidase, a-mannosidase and a-fucosidase is absent. The predominant ubiquinone is Q-10. The predominant fatty acid is C 18 : 1 v7c. The major polar lipids are phosphatidylcholine, phosphatidylethanolamine, phosphatidylglycerol, one unidentified lipid and one unidentified aminolipid.
Tropicibacter naphthalenivorans C02 T (AB302370)
Shimia marina CL-TA03 T (AY962292)
Shimia biformata CC-AMW-C T (KC169813)
The type strain, BS-W9 T (5KCTC 42348 T 5CECT 8726 T ), was isolated from a tidal flat in Boseong of the South Sea, South Korea. The DNA G+C content of the type strain is 53.2 mol%. 
